Management of a wildlife population is a complicated task that often requires decisions based on limited data. To make logical decisions we need (1) a management policy or objective defined in terms of some goal, (2) a relationship between that goal and parameters of the population to be managed, and (3) estimates of these parameters. Such a relationship is often termed a "model," and can be either quite rudimentary and qualitative or complicated and quantitative. Inadequate information often forces us to use models that grossly oversimplify the behavior of the real population and to employ estimates that are frequently little better than informed guesses. The manager cannot postpone a decision until the dynamics of the population are fully understood and precise estimates of all parameters are available. Inaction is in fact a decision by default.
The development of simple models, imperfect though they may be, and the graphic representation of these models can facilitate logical and orderly development of management strategy. Because of the large quantity of pertinent banding and survey data available, the mallard has been the subject of several published models (Walters et al. 1974, Anderson 1975a,b, Brown et al. 1976 ). These models use estimates of production based on survey data for the continental population. In contrast, our model relates recruitment to various components that are frequently measured in local studies and that are subject to manipulation by the waterfowl manager. The exercise of presenting a model has a number of benefits: (1) inspection of the model may focus attention on critical parameters; (2) the model provides a frame of reference for evaluating policy and assessing the feasibility of objectives; (3) insight into possible alternatives for reaching an objective is gained; and (4) we are forced to face the reality of the management problem and to answer important questions such as cost effectiveness and political feasibility. The purpose of this paper is to demonstrate a simple model that can facilitate decisions concerning management of mallards in the north central United States.
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To maintain a constant population we need C = 1, which implies RS* = 1 -S. This well-known result simply states that the surviving recruits (RS*) must balance the loss in the adult population (1 -S).
To describe the population dynamics of female mallards in terms of significant events occurring during the year, we split the year into periods (Fig. 1) . In the following, we will take Sh and Sh' to represent survival from hunting. Natural mortality occurring during the hunting season will be included with winter mortality. The survival rates applicable to each period are defined in Table 1 . We assume that returning young (as yearlings) have the same recruitment rates and summer mortality rates as do adults. for various values of D (Fig. 2) .
The general form of the curves has 2 important management implications. First, the importance of a high rate of survival in the young relative to that in the adults (D near 1) is readily apparent. For example, at a fixed rate of recruitment adjusted for summer mortality, say at 1 young hen produced per adult hen in the breeding population, a species like the mallard with differential survival of around D = 0.85 (Anderson 1975a) would require only about 54% adult survival to maintain a stable population, whereas a species like the canvasback (Aythya valisineria) with differential survival reported at about D = 0.4 (Geis 1959) would require 70% annual survival.
Second, the form of the curves shows that when recruitment is low (less than 1 young female produced per adult female), a small change in recruitment can compensate for a relatively large change in adult survival, i.e., it will maintain a nearly constant population in the face of marked changes in survival rate. Management designed to change recruitment rate, therefore, can be expected to be an effective strategy when recruitment is modest.
Example: Varying the Population Size
The waterfowl manager is often interested in changing the population size. We can examine the relationship between recruitment and survival for various rates of population change by se- 
MEASUREMENT OF SURVIVAL AND RECRUITMENT
The manager whose objective is to manipulate the size of a wildlife population, whether he uses quantitative models or more informal methods, is aided by knowledge of survival and recruitment. Both quantities, unfortunately, are extremely difficult to determine in wild waterfowl populations. Estimation of survival is the subject of a study by Anderson (1975a), who presents survival rates Table 2 ; the chronology of brood development is shown in Fig. 4 number of times she will renest following destruction of her nest. Unfortunately, there are few published data on renesting rates in wild populations, data which are necessary to estimate H from P. In Appendix 1 we argue that the relationship between H and P on a longterm average can be approximately described by the function:
which is plotted in Fig. 5 . The only study (Gilmer et al. 1974 ) that determined both P and H involved radiotelemetry data gathered on the Chippewa National Forest, Minnesota. Unpublished data obtained during this study allowed us to estimate P = 0.14 and H = 0.28 for a sample of 33 radio-marked mallard hens. From the estimated P and our hypothesized relationship we predict H to be 0.29, which is in close agreement with the observed value. For this data set, at least, our hypothesis is reasonable. The relationship is thought to be appropriate for long-term averages; in any given year We may now use the estimates of recruitment from various studies to determine the status of the populations studied, and later to examine management strategies. If we combine the formula for change in population (equation 4) with those for recruitment and hen success (equations 5 and 6), we can write a single equation relating the parameters discussed thus far: C = S(1 + Y2DPet-P)2ZB/Sb).
As a further check on our assumptions, we examined results from a number of studies in which different parameters were measured, and then calculated the additional parameters needed to determine recruitment. We also derived estimates for the various components of survival. The estimates were used in equation 7 to predict the average C for each study (Table 3, Fig. 3 ). Note that changes in population (C) estimated from the graph differ slightly from the values in Table 3 because a common value D = 0.85 was used in constructing the curves, whereas values specific to the areas were used in Table 3 Fig. 3 suggests the possible management strategies to achieve a stable population without immigration. We must raise adult survival rate to about 60%, or raise recruitment (adjusted for summer mortality) above 0.9, or achieve some combination of these. If hunting and natural mortality are additive (cf. Anderson and Burnham 1976), we should be able to increase survival by decreasing hunting mortality. The fact that, of all direct recoveries of adults banded on the Chippewa National Forest, 55% were recovered on the Forest suggests that restrictive regulations on the Forest might be used to increase the adult survival rate. In fact, closure of selected areas on the Forest to duck hunting was examined as a potential management technique by the Minnesota Department of Natural Resources in 1972, but was never implemented. (Table 4) to the graph (Fig. 6) , we predict about a 7% annual decline in population, as we did in Table 3 . The percentage of kill taken on the Chippewa National Forest would have to be reduced from about 55 to 30% in order to obtain a stable population without immigration. With complete closure of the Forest we would attain a modest rate of increase, about 4% per year. From the form of the curves (Fig. 6) Although the latter study will not be completed for some time, we illustrate how modeling might aid a decision on cover management. A number of the estimates that we use in the models are preliminary and will be improved in the future, but this situation is typical of that faced each day by managers, who must make decisions even when data are lacking or inadequate. The problem furnishes a good example of the advantages of models.
We adapted our basic model (equation The analysis suggests that mallard populations nesting in unmanaged uplands in North Dakota should be decreasing slightly, at an average annual rate of about 2% (Table 3 , area 7). If we include data from overwater nests, the hatch rate becomes P =.0.21, the same as in DNC (Table 3 , area 8). If mallards were nesting in upland and overwater situations in the same proportion as in our sample of nests, the population would be increasing about 12% annually. Such an increase seems unlikely, and we do not yet know the frequency of overwater nesting, so we consider the upland nests to be representative of the unmanaged situation in North Dakota. If further research indicates that a substantial percentage of mallards do nest overwater, and that the hatch rate is appreciably different from upland nests, then our conclusions about the unmanaged situation would be voided.
Graphs illustrating the change resulting from the 2 treatments are given in Figs. 7 and 8. Each shows the population change anticipated at a fixed rate of survival from hunting. The relationship for DNC alone (Fig. 7) indicates that the population change C is nearly linear in 0, the proportion of hens nesting in treated cover. The slope of the curve is slight, because the increase in P due to the treatment is rather modest (Table 3) . In contrast, the anticipated population change varies markedly with the percentage of birds nesting in DNC plus predator control (Fig. 8) .
We may now examine some management alternatives: planting DNC, planting DNC and controlling predators, and leaving the land unmanaged. Suppose we wish to maintain a stable population while increasing the kill rate to 15%, Sh = 0.85. This change may appear minor but actually represents nearly a 50% increase in the harvest. To achieve this objective, our model suggests that we would need to place about 50% of the hens in dense nesting cover (Fig. 7) or 4% in the cover with supplementary predator control (Fig. 8) .
It Table 5 ) that this figure would be more than adequate to achieve our hypothetical management objective.
RESEARCH IMPLICATIONS
Even such a rudimentary model as that presented in equation 7 has certain merit in planning research because it permits a logical and integrated rather than haphazard approach to a problem. We assessed the relative importance of the parameters in equation 7 by determining how sensitive the model was to changes in each of them. The analysis suggested that survival (S), nest success (P), and the number of renests attempted by a hen (HI P-incorporated in the assumptions of equation 6) are the most crucial parameters.
One needs only to review the standard errors of survival estimates for individual years to realize that additional effort is needed to develop more precise estimates and to avoid possible biases associated with unbanded populations (Anderson 1975a). Anderson and Burnham (1976) suggested that natural mortality compensates for hunting mortality up to some unknown threshold, where they become additive. If management is to change survival through regulation of harvest, a hypothesis that we are not yet willing to abandon, the theory suggested by Anderson and Burnham must be fully understood, particularly the mechanisms by which natural mortality compensates for hunting mortality and the threshold level of hunting mortality below which this occurs.
Although considerable research effort has been devoted to estimation of the probability that a nest hatches (P), little is known about renesting and the environmental factors that affect it. These fac-tors must be better understood if reasonable recruitment rates are to be derived from nest success data. By use of radiotelemetry or visual markers, direct measurement of hen success (H) is sometimes possible. Unfortunately there are few published studies where this attempt has been made. Although not as crucial as survival of adults, nest success, and hen success, the measurement of brood survival (Z) is essential for calculating recruitment (R) from nesting data. This parameter is not only poorly known, but also its relationship to habitat condition has received little attention. Class III brood size (B), necessary to calculate recruitment, is usually biased by late broods being underrepresented in the sample.
To be responsive to the needs of management, research must concentrate on those parameters of the model that are not only important, but can reasonably be measured in operational surveys. If an important parameter is difficult to measure, it may be possible to find a relationship between that parameter and one that is easy to measure, and thus to estimate 1 parameter from the other. For example, the renesting rate, which is difficult to measure, may well be correlated with availability of wetland habitat during the nesting season. It could, therefore, be possible to determine renesting from measurements of habitat. A similar approach may be possible for estimating brood survival (Z), which is probably a function of the distance from nest to water and among water areas used by a brood.
A balanced waterfowl research effort, therefore, requires long-term accurate surveys to gather information in a systematic fashion, and long-term basic ecological studies. When these latter studies are viewed in the light of a population model, their application readily becomes apparent. As results become available, they may be incorporated into the model, which should evolve toward a better representation of the true behavior of the population.
LIMITATIONS IN THE USE OF MODELS
All models that describe complex biological processes such as population dynamics are oversimplifications based on specific sets of assumptions. To use models in making decisions, the manager must be aware of the implications of underlying assumptions and the validity of parameter estimates used in the model. Models need not be highly complex to be useful; on the contrary, the simplest models are frequently the most useful.
Some assumptions of our model may be open to question, but we contend that its use will not lead to erroneous conclusions. In both of our examples of the applications of the model to specific management problems, we have assumed that hunting and natural mortality are additive. Should that not be true, the effect would be to make the conclusions reached in our examples conservative. We concluded that closure on the Chippewa Forest would not be a particularly effective management technique to increase the local breeding population. If hunting and natural mortality are even partly compensatory, the closure would be even less effective. In the 2nd example the number of hens required in the managed area would be fewer than under the assumption of additivity, if increased harvest was at least partially offset by lower natural mortality.
When we modified our model to describe the effect of closure in part of the Chippewa National Forest, we assumed that survival from hunting elsewhere is not affected by survival from hunting on the Chippewa. This assumption is reasonable because even if all birds survive hunting on the Chippewa Forest, the number added to more southern harvest areas would have little effect on the total number of birds available to hunters. If closure were contemplated for a much larger area, such as a group of states and provinces on the breeding ground, the additional birds available to the southern harvest areas might influence harvest rates there. Our model would then be inadequate.
The parameter estimates that we used are subject to a number of biases discussed earlier. They also represent average conditions and are subject to large variation in both time and space. In addition, our recruitment estimates for land with DNC and for unmanaged areas in North Dakota were not obtained from a random sample of these lands and could be in error because nest success is highly variable from area to area. We presented data from fields where good quality cover was achieved by the land treatment. This success has not occurred on all lands where the cover was planted. Our recruitment estimate for the Chippewa National Forest is based on a small sample of birds obtained in 1 area of the Forest. Our current understanding of the variation associated with parameters of recruitment is insufficient to attempt to account for it in the model. By viewing a family of curves (Figs. 3, 6, 7, and 8) , it is possible to assess the results of various ranges of parameter values. The fact that the results are reasonable (Fig. 3) lends some credence to the validity of the model. Despite the problem of uncertainty about assumptions and estimates, techniques presented here represent a logical way of reaching a decision based on limited information.
The manager also requires management policy and here the model cannot help. We chose real examples of problems in waterfowl management to illustrate this report. The examples demonstrate that policy and practical considerations temper the results obtained from the model.
In the 1st example our model suggests that an attempt to increase survival on the Chippewa National Forest through partial or complete closure of the Forest to hunting is of limited biological effectiveness. In our opinion, area closure on the breeding ground imposes restrictions on 1 hunter without affecting another. The individual who has invested in a hunting area and finds it closed while his neighbor's area remains open will ask, "Why me?" Such regulations also tend to penalize hunters on production areas, thus undermining local support for programs of habitat preservation.
Our 2nd example poses both practical and policy questions. If cover manipulation is used alone, large amounts of land would be required to achieve the management objective. While a thorough cost/benefit analysis is beyond the scope of this paper, it must be recognized that land most suitable for treatment is retired cropland, exclusive of native grassland and wetland areas. Excellent nesting cover may be provided on a temporary basis by various agricultural land retirement programs, at little or no cost to wildlife agencies. Without such programs, or if permanent cover is sought, wildlife agencies must purchase or rent private land, a costly alternative.
Our analysis indicates that predator control combined with cover management is more effective for increasing recruitment than cover management alone. Again, the cost effectiveness of such a program is unknown. Furthermore, pre-J. Wildl. Manage. 43(1):1979 dieting results of a broad-scale predator reduction program is risky and involves many variables for which we have little data. Our results should be viewed with extreme caution because of many factors that may inhibit the effectiveness of predator control. More importantly, we believe that there are questions as to the ecological advisability of direct control of predators in order to benefit game species. Our analysis suggests that control of predators would be effective, but the manager also requires a clearly stated policy based on the legal, economic, political, and ecological implications of such a program. Methods of predator exclusion other than direct control, should be sought because they could achieve increased waterfowl recruitment without adverse side effects.
The manager must bear certain natural phenomena in mind when evaluating techniques such as those discussed in our 2nd example. The techniques primarily alter only 1 part (P) of a complex relationship. Climate will continue to have an overriding influence on recruitment by altering nesting effort and brood size. We cannot control climate, which will continue to fluctuate in the northern prairies. Therefore, waterfowl populations will continue to fluctuate regardless of management. The manager can manage the land under his control, but this land represents only a fraction of the total area used by waterfowl. Fluctuation in population size is closely tied to available wetland habitat. If this base is lost, waterfowl will face permanent drought conditions and waterfowl hunters will face permanent drought-level populations. 
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APPENDIX 1. A RELATIONSHIP BETWEEN HEN SUCCESS AND NEST SUCCESS
Assume the nesting effort of a hen follows the flow chart shown in Fig. 9 . At the beginning of the nesting season, the hen can either attempt a nest (with prob- ability r1) or not (with probability 1 -r1). The nest will either hatch (with probability P) or not (with probability 1 -P). Should the first nest fail, the hen can attempt a 2nd nest (with probability r2) or not do so (with probability 1 -r2). That nest will either hatch (with probability P) or fail (with probability 1 -P). And so forth. We assume that this process continues indefinitely, although the number of nesting attempts is certainly limited. We show later that this assumption, which simplifies the mathematics, is otherwise inconsequential. The parameter P is estimable from nesting studies. Little definitive knowledge is available about the rates of nesting, rl, r2, ' , but a certain structure to the rates is apparent. First, because nesting effort generally decreases as the breeding season progresses, it is reasonable to assume that ri decreases with increasing i; that is, a hen is more likely to attempt an ith nest than an (i + l)st nest. And lim ri = 0; the probability of a large numi --c ber of nesting attempts is arbitrarily small. Further, ri varies inversely with the nest success rate P. If P is high, for example, a nest is likely to be destroyed later in laying or during incubation, and the hen is less likely to renest. Conversely, if P is low, destruction is more likely to occur earlier during laying, and renesting is more likely.
A system that meets the criteria described above is given by r = a and r=a( -P)(i-1) i > 1.
Here a (0 < a < 1) is an index to the overall nesting intensity. In years of normal habitat conditions, a will be nearly 1; in very dry years a will be lower. Incorporating this system into equation Al, we find that We use this relationship with a = 1 for determining H from P. It is plotted in Fig. 5 . Although we allowed in equation Al for an infinite number of nesting attempts, this is precluded by the nature of the rates (ri). Table 6 shows for the Chippewa National Forest example where P = 0.14 that, to 3 significant digits, the first 5 terms of the series determine H. That is, we would get the same answer allowing only 5 nesting attempts as allowing an infinite number. We assume that Sc and Se are independent; that is, the rate of kill elsewhere will not vary just because the kill rate on the Forest changes, although both rates are affected by federally prescribed hunting regulations. From banding data (Table 4) This function is plotted for various values of R in Fig. 6 .
APPENDIX 3. PARAMETERS SPECIFIC TO THE EASTERN NORTH DAKOTA EXAMPLE
We modeled the annual change in the mallard population as a function of the proportion of breeding hens nesting in treated cover. We examined this relationship for various levels of survival from hunting harvest, a parameter of great interest to the manager.
Let 0 equal the proportion of hens nesting in dense nesting cover. Then, from Table 3 , the hatch rate (P) will vary according to 0; viz. P(O) = (1 -6)(0.14) + 0(0.21) = 0.14 + 0.070.
In order to estimate Sb for the various situations, we assumed that Sb and P both vary primarily because of predation. In areas subject to normal predation Sb is about 0.72 (Johnson and Sargeant 1977) and P is about 0.14 ( Table 3) . We assumed that in the absence of predation Sb would be about 0.95, which allows a 5% loss to causes other than predation, and P would be 1.0. Fitting a straight line to these pairs of points we obtain the following relationship between Sb and P: Sb = 0.682 + 0.267P.
We also required estimates of S, and an estimate of S for managed areas in North Dakota. These estimates were obtained by using Sb estimated from equa- 
